
0 2007 0734557 1

June 1991, Vol. 81, No. 6 ! !
.-. ;i . ~z.stablished 1911

685 Childhood Lead Poisoning: A Dk~g_~’ fo~ the--History-Texts~ H. L. Needleman

687 Can Stress Cause Cancer. D.T. Janerie-h ~. ~      ~           .

Commentary
�3 689 Drake Chemical Workers’ Health Registry: Coping with Community Tension
u.,o over Toxic Exposures L. �. Leviton, G. M. Marsh, E. Talbott, D. Pavlock,
_1~ and C. Callahan

Feat r g En _ronmental and Occupational Health
Asthmatic Responses to Airborne Acid Aerosols B.D. Ostro, M. J. L~sett,

~ <t-.a:t~ < 703 A Randomized Trial to Evaluate the Risk of Gastrointestinal Disease due to
~- w, co Consumption of Drinking Water Meeting Current Microbiological Standards
~ m o~ ~ ,, P. Payment, L. Richardson, J. Siemiatycld, 1~ Dewar, M. Edwardes, and E.
~ ~ _1 ~ c3 Franco
~ Z~ Z
~- ~ t¢ ~ xt.u 709 Risk Assessment and Control of Waterborne Giardiasis J. B. Rose, C. N.

¯ ~ ta. ~ ~ ~ ~ Haas, and S. Regli

719 CancerRates after the Three Mile Island Nuclear Accident and Proximityof
~o. <tu ~ Residence to the Plant M. C. Hatch, S. Wallenstein, J. Beyea, J. W. Nieves,
~ < ~ ~. o. o~ and M. Susser

725 Effectiveness of Source Documents for Identifying Fatal Occupational Injuries:
’ .~ A Synthesis of Studies N. Stout and C. Bell

.~!ii~
~..__~. ............... ~-~.~.-~., -" 729 Female Homicides in United States Workplaces, 1980-1985 C.A. Bell

~, ~ :~ ....." ’ ..... 733 Occupation, Industry, and Fatal Motor Vehicle Crashes in 20 States, 1986-1987
" D.P. Loomi~

~ ¯ .....~° " 736 An Analysis of Occupational Blood Lead Trends in Manitoba, 1979 Through
~ ~:g~.~ "~ 1987 A. Yassi, M. Cheang, M. Tenenbein, G. Bawden, J. Spiegel and T.

~ r.:.~,.~ 741 Occupational Carpal Tunnel Syndrome in Washington State, 1984-1988 G.M.
Franklin, J. Haug, N. Heyer, H. Checkoway, and N. Peck

~’~t’t~"l~-:."~-u4- t- -t~--Z~"~"’~"~J i~_r.4.~ I÷/..,~.~..~_~,, ~.-~’~&; ] :~=.- ~.,??~,q ~,Public Healthj. Annasand the Law: OSHA’s Four Inconsistent Carcinogen Policies

: Pubfic Health Then and Now
.1

~.’~-. - ": _’ ¯ - . ~:.~ ,~ ’-~. ~-~- ~.~ : .....~-.:.,:.,g~: ~,1 781 Understanding History to Shap~ the Future--The New Editors" Vision’ E. Fee

~]"i~:- : . :<-!i,i~’."q ’:-’-.~::i-" !._’- .::~?~-:". :~: .:"w..- : .,.~, "~V:~;:~_-.:.:]:.~ 782 The Unit’ed Mine Workers ~f America and the Recognition. of Occupational
~,... ~.. : ..... :,~. ::o~--: . . : ~ ~:.- .~ :~ Respiratory Diseases, 1902-1968 A. Derick~on

..... . -, . .7 . : Z~rA’, ~?;--7:"~’:’&~’~}~%] 791 The Silence: The Asbestos Indus,ry~ and Early ~ ~’: ~,.,ccuva,ona,Cancer
..... ~" ’ ~ :~~.’=~- -: Research--A Case Study D. E. LilienfeM

5~::::--" ..... ~ ¯ i ::~ ...:.-~: .] (continued page 675)
¯ - . . ] -

C--035477
C-035477



- - ...... Risk Assessment and Control of
o , ~ ~ .~ - -~..~

"

" Waterborne Giardiasis

Joan B. Rose, PhD, Charles N. Haas, PhD, and Stig Regli

/~e~i~ ~a~e~e :gia~,.;I
Introduction be called upon to ensure that the public is¯ diasis,~!!as,:~beea;.~ine~easi~g~i~n::~tla~,ol,I i~i:

adequately protected against waterbornei Utlit.~e~,~;S~ate~i.~ii~iii~tt~’~!i~:ii.~:- Giardia is the most fxequently iso- disease. Risk assessment is a tool byported over th~qast :.25-y~axs~i.~e~i lated enteric protozoan from populations which health officials can communicate-.S~ ~o~D~g~i~i~’;!iAe~."~ii~i~i’~ :~ worldwide and the most common patho-with the water industry by interpreting.i’ dated~ii~i~t~.~pafilisgei~;i~’i~,~ :;. i’genie parasite in the United States.~
water quality surveys and assisting in de.~ ’.Methods~",/A..:~isk~assegsmei~t::.i;..: 5, Waterborne giardiasis has been increasing fining the adequacy of treatment adheringm0del;w~deyelpt~dt01e~te~k:i~ . in the United States with 95 outbreaks re-to EPA’s recommendations of potable

o~.inf~OhI aSte~,ffz~ure (6 fi-~ i~ ~., ported over the last 25 years,z and Giardiawater quality and acceptable public healthwaterscontainin~~g ]creels, ~.,~ ,’! is the most common identifiable etiologi- risks. This will become particularly impor-G~:~eystsz ..The~eI ~s~deg! cal agent of all waterborne outbreaks,tant as states implement the Surface Wa-fined, by..~~ponse, ottO_ e~dee, .-: i Bennet et alp have also estimated that 60ter Treatment Rule, evaluate new technol-
velopedfi~om.h~,~e~g~udie~.i~- percent of all Giardia infections are ac-ogies, and determine what waterfor Gidrd~ an~l ~sS~ 2L:~flW~ter ;:: quired through contaminated water, management practices will impact publicconsumption per day:,,~Data.oa~con-~... Giardia cysts may be found in water health.~entrations anddistn~ou~on~’o~th~ior., i. - as a result of the deposition of fecal ma- This paper presents a risk assessmentganJsmin source wa~ecswere usedt0:- : terial from both man and animals. Surveysmodel that was used to estimate risk ofassess expOS~lte:aRerva’rying.redue~..-:, of Giardia cyst levels in various waters infection due to waterborne exposure tof!ons achieved through treatm(nt;:z?.: indicate that 26-43 percent of the surfaceGiardia. Dose-response curves were de-Results:. In -suiareys repo~ing~ i

. waters were contaminated with Giardia veloped based on human infectivity stud-prevalence arid levels of Giard~ ..cyst
cysts ranging in concentrations ~om 0.3 to    ies, and data on the occurrence of Giardiacontaminationi ax, erage~:levels~;0f:..
100 cysts per 100L 5-~0 Sykora9 has re-cyst contamination in waters throughoutcysts insurface-waters.ranged from. ¯ "

0.33 to ~04l~O0~~Om:prist~e~va~:: ported an average of 104 cysts/100L in rawthe US were used to define thewater treat-
sewage with an approximate reduction ofment needed to reduce the risk of water-tersheds (protectedl frorr~ all ~llinnan

activity) 0.6 .to::S/iOOIL~ ,Yearly 10-2 after treatment (152 cysts/100 L). borne giardiasis.
" " ......... The Surface Water Treatment Rulewere 4,8 X10S~. for S~temsuslngl "

has been promulgated to address theMetlu~pollutedwaters~.and 1,:3 ~ 10"5:for.
pristinewaterswith a 10-a.treatmer~t - amendments to the Safe Drinking Water
reduction~.:~ ~ Act for controlling Giardia in treated To predict a potential public impact

Cone/us/on: PubIie~ Health ,0ffr~:iii:" drinking water.4 This rule mandates that when the risk is small, models are used to

cials.w~Ineetl toworkv~itla:thewater~:~:~ all surface waters be treated to achieve atestimate the risk after exposure. Haas re-

industry.to.enSure arisk..o~leSS tha~i. ~. leasta reduction of 10-3 (99.9 percent re-viewed three probability models for their

1iI0,000 for source waters witt~0,VtO, moval) of Giardia cysts. Disinfection is ability to describe experimental dose-re-

70 cysts per-100!fiters thrOu~ treat+.-~ required for all systems and filtration is sponse data for humans after exposure to

inent adfi~vingreduction, of~i~it~i :i. ~ required unless the system meets site spe-

lO~n~respe~tively,~ofGiardia,eysts~-7.;,i cific criteria and has a protected water-
AddressreprintrequeststoJoanB. Rose, PhD,Qlm! J PtJblic Healtl~ -1991;8~:700~’~- shed. The US Environmental ProtectionAssistant Professor, Department of Environ-¯

713) , -~. . - .... Agency (EPA) has also recommendedmental and Occupational Health, University of
- ........... that a treatment be provided to ensure that South Florida, 13301 Bruce B. Downs Blvd,

.... Tampa, FL 33612-3899. Dr. Haas is with the..... .. populations are not subject to risk of in-
Department of Environmental Engineering, II-~, ., - . ¯ " -~ fection of greater than 1:10,000 (10-~) forlinois Institute of Technology; Mr. Regli is with

.......... - ... a yearly exposure, and that this is an ac-the Office of Drinking Water, US Environmen-
~ " " ~ ~-- : - ceptable level of safety for potable waters, tal Protection Agency, Washington, DC. This

......... paper, submitted to the Journal April 19, 1990,
. ~. ¯ :.~ As the new regulations and rules was revised and accepted for publication De-~- " " ¯ come into effect, health departments willcember 10, 1990.
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various enteric microorganisms,n Usingwith varying levels of GiardJa cysts in
the same approach, the simple exponen-drinking water. The model assumed the

5000.00
tial and beta distributed effectiveness consumption of two-liters of water per ~,., 1ooo.oo;
models were evaluated for prediction ofday, and exposure N in the formula was
Giardia infectivity using experimental defined by numbers ofcysts per liter times
data developed by Rendtorffnz,13 in human two liters. Levels of Giardia cysts found in
feeding’studies, polluted and pristine source waters and

In Rendtorff’s experiments, Giardia assumed levels of 10-3, 10-4, and 10-5 ’~ ~ °’1°i
cyst doses ranging from 1 to 106 were fedremoval by treatment were used to esti-

tovolunteers, and a positive responsewas mate exposure in the model. Maximum

measured by cyst excretion in the fecesdaily risk was estimated using the peak FIGURE 1---4.~ 10 Tr~alm~ R~lue-
(Appendix). Laboratory dose-response level of contamination and yearly risk was tionsforGlar~ia~l~tsin
studies generally appear to be conducted determined using the geometric mean con- ~ure~ Wal~m ~elfling
under conditions where the distn’bution of centration of Giardia cysts for 365 days of 10-4/~nual Risk (95%

confidence limits
microorganisms in the administered doseexposure. Probability of infection was de- indleal~i)
may be regarded as Poisson. Under thesetermined assuming a Polsson distffoution

conditions, if one microorganism is suffi- of microorganisms in the drinking water,11

cient to cause an infection, and if host- i.e.,
taining a geometric concentration of 0.7,

microorganism interactions are constant, risk of contracting one or more infec-
then the probability of an infection (Pi) re- tions = 1-(1-Pr(N))~ where x = the 7.0 and 70 cysts per 100L would require a

number of days exposed and Pr(N) = reduction of 10-3, 10-4 and 10-5, respec-
suiting from ingestion of a single volume of the daily risk using the geometric aver- tively, by treatment.
liquid containing an average number of or- age for N. In surveys reporting prevalence and
ganisms (N) may be defined by a simple

Data from five waterborne outbreaks levels of Giardia cyst contamination in
exponential equation,

of giardiasis were also evaluated for the surface waters, average levels of cysts
Giardia cyst level of contamination de- ranged from 0.33 to 104/100L Eightofthe

Pi = 1 - exp (-rN) tected in the drinking water and the attack areas where samples were collected from
rates in the exposed population. 14 This in-received treated sewage or agricultural

In this equation, r is the fraction of formation was compared to the estimateddischarges, however, the level of pollution
microorganisms that are ingested which infection rates developed by the exponen- was not documented.5-10 Inwater samples
survive to initiate infections ("host-micro- tial model after varying days of exposure, originating from pristine watersheds (pro-
organism interaction probability") (Ap- tected from all human activity) Giardia
pendix). In this particular case, the expo-
nential model was statistically consistent    ReM~q,.~

cyst levels averaged 0.6 to 5/100L. The

with the Rendtorff data and r was calcu-
percentage of positive samples did not

To ensure less than a daily risk of varydramaticallyfrompollutedtopristine
lated to equal -0.01982. 10-4, systems using source waters con-waters (43 percent and 35 percent, respec-

The 95 percent confidence limits to taining 250, 2,500 and 25,000 cysts pertively). Peak contamination in a single
the parameter r in the exponential model100L would need to reduce the level ofsample was 5.5 times higher from polluted
were computed using a likelihood ratio Giardia cysts by 10-3, 10-4 and 10-5, re- waters than from pristine waters. How-
technique. The resulting interval estimate spectively, through drinking water treat- ever, geometric averages of cysts were 50
for r is 0.009798-0.03582. This range wasmerit (Table 1). Examples of yearly riskstimes higher for samples collected from
used in the preparation of Figure 1. for exposure to varying levels of Giardia polluted waters versus those collected

cysts in drinking water are summarized infrom pristine waters.
Exposure Estimates Table 2. To ensure less than a yearly risk The majority of data for the pristine

Surface waters were classified intoof 410-, systems using source waters con-waters was developed from a study by
two categories: polluted waters contam-
inated by sewage and agricultural dis-

 rom wi, out  ,oi t
tivities. Giardia cyst levels were exam- .:..~.::.:.~ ;... ~ :. ,~:~::~:...,::::,::::

tions for each site, and average cyst levels

concentrations from each site.s-~0 Giardia : .:: ::: .......
cyst levels were calculated as cysts/100 L : :..’: i~ :)~ ~ ::r:" :fff~:6i,5~

as large volumes of water are routinely
sampled for determining levels of contam-
ination.

Using the exponential model, the po-
tential risk of infection was determined
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nation; and third, the length of exposure to

tion of ~e outbre~. If one uses ~te~e-

10:.=- " ,~: ~0;-~; the ~ection rates developed by the m~el

M~y re~lato~ ~d public heMth
agencies have a~pted risk assessment

" - :. ¯ .... -.~,- - , -:. " .... ........ , ~.~, .: . these models reflect re~Wdependsonthe
.] :~ ~:[..::-: :[~. ..... .... accura~ of the model for ch~a~e~g

S~r~ ~ :.. " ~: Odn~ng Ye~: ., res~nse cuwes and e~s~e.

~e~a~e
- .............................. volunteer. It m~t be kept ~ ~d that

~ = ~-0:Pr(N))~’ . ¯ -: : ?~: ¯ .....:~ ~-~ ~ection was me~ured by ~st ex~etion
and ~ess was not dete~ed. ~
tomatic G~rd~ ~ections may r~ge be-

Onge~h, et aL 6 ~e Tolt, Green and Ce-ta~ng pe~ levels of G~rd~ ~sts, the ~een 39 percent and 76 per~nt for c~-
dar watemheds in the State of Was~ond~eren~s were not as dr~atic be~eendren less th~ five ye~s of age ~d adult,
were emensively sampled ~th 222 s~-systems using polluted versus pristine respectNely.~5,~6 S~ptomafic ~ections,
pies co~ected. ~e averages reposed insource waters. ~e peak daily risk w~however, have been reposed at a rate of
the pub~tion included a 22 percent re-appro~ately five t~es geater ~ sys- 50 per~nt to 67 percent and as hi~ as 91
cove~ adjustment for method efficien- tems us~g poguted versus pfst~e watemper~nt. C~o~c ~ar~is may also de-
cies. ~e data ~om the Onge~h stu~recei~gs~ea~ent for removal ofvelop ~ as many as 58 percent ofthe po~
used ~ this paper did not ~clude such ~sm. ulation i~ected.~8 ~us the ~ess to ~-
adjustments since the data used from Water samples were collected and fection ratio is highly variable. We
other s~dies5,7-~° did not t~e into ac- G~rdia ~st levels were dete~ed dur- addressed o~y i~ecfion ~ t~s ~a~sis of
count adjus~ents for re~ve~ efficien- hg the ~vestigation of ~e waterborne 6sk.
cies. outbre~s of gi~diasis. Attack rates v~- ~other ~po~ant issue regarding

Daffy and ye~ly ~s~ were devel- ied from a low of 0.5 percent in thethe dose response cu~e based on the
oped for the pe~ ~st level and the geo- Hou~d~e and Pittston outbre~ to a ~ Rendto~ data is unce~a~W about i~ec-
metfc average, respectively, for the ~oof 16 percent in the Ft. Pla~ outbre~,ti~W due to stra~ v~ation and the ~-
water categories (Po~uted and Pristine).~e level of ~st cont~afion r~ged mune response to ~fection by d~erent
~e data are sh~ in Table 3. Ye~ly~om 0.6 to 21 ~st~l~L. Generally thepopulations. ~e Rendto~ data ~e de-
6s~ r~ged ~om 4.8 x 10-3 for systemsl~wer levels of cont~ation were asso- ~ed from one G~rd~ lambl~ stra~ ~d
us~g polluted waters ~th a 10-3 treat- ciated with lower levels of i~ection in the one relatNely small s~ple population.
ment reduction to 1.3 x 10-6 for pfist~epopulation. ~e data are sho~ ~ Table 4.~e co~dence ~te~ ~o~d the prob-
watem with a 10-5 treatment reduction. ~1 five outbrea~ were associatedab~W of infection does not t~e these un-
Be~een 10-4 ~d 10-5 reduction with .with~teredc~ofinatedsuffacewaters, ce~a~fies ~to ac~unt when us~g the
trea~ent would be required for pofluted ~ree factors p~y ~uen~d the at- model as a predictNe t~l.
waters to achieve a s~ 6sk as p~stinetack rate for ~ectiom ~st, the level of ~s~g the dose response relation-
waters treated for a 10-3 remov~ of Giar-~nt~a~on; se~nd, the level of ~st s~p de~ed ~om the Rendto~ data is
d~ ~sts. For daily fis~ for waters ~n- ~abili~ and inactNafion throu~ c~ofi- representative, we may be overest~a~g
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risks based on the assumption that allneed for more effective treatment, or the 7. Rose JB, Kayed D, Madore MS, Gerba
cysts are viable and all cysts in water aretype of treatment needed in developing CP, Arrowood M J, Sterling CR: Methods
species which infect humans. In addition, new water supplies, for the recovery of Giardia and

the 2L of tap water consumption may rep- Public health workers must not only Ctyptosporidium from environmental wa-
ters and their comparative occurrence. In.-

resent overestimation of exposure, de-have an understanding of waterborne dis- Wallis P, Hammond B (eds): Advances in
pending on individuals consumption of ease. The implications of new regulations, Giardia Research: University of Calgary
other beverages, However, the underes-watershed protection, and water treat- Press, 1988; 205.209.
timation of risk_may be of greater concern ment on indigenous potential v~aterborne 8. Rose J’B, Darbin H, Gerba CP: Correla-
due to underestimation ofexposure by the infections in the population must also be tionsoftheProtozoa, Cryptospotidiumand

inefficiencies of the methods for detection understood. Standard methods are avail- Giardia with water quality variables in a
~    - watershed. Water Sci Tech 1988; 20:271-of Giardia cysts in water, able to assess Giardia cyst contamination 276.

In spite of its limitations, the model- in water. Health agencies can utilize such 9. Sykora JL, States S J, Bancroft WD,
can be used to examine waterborne out-data in a risk assessment, cost-benefit ap- Boutrous SN, Shapino MA, Conley LF:
break data and disease surveillance dataproach to establish rational policies for Monitoring of water and wastewater for Gi-
associated with various exposure routes,public health p~’otection. [] ardia. In: Advances in Water Analysis and

Epidemiological data, may be even more TreatmentWaterQualityTechnologyCon-
ference, Portland, OR, 1986; 1043-1054.insensitive and inaccurate. Attack rates

for waterborne outbreaks, defined by the Acknowledgments Available from American Water Works
Assoo, Denver, CO.
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4. National Primary Drinking Water Regula- moeba coli and Giardia lamblia by water.
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